Introduction
The fish fauna of the Iguaçu River basin is one of the most emblematic and remarkable of the Neotropical region (Malabarba et al. 1998 , Abell et al. 2008 , Nogueira et al. 2010 . While others similar large tributaries from upper Paraná River system (e.g., Paranapanema, Tietê, Grande) include more than 150 fish species (Langeani et al. 2007 , Duke Energy 2008 , the inventories along Iguaçu River basin have not exceeded much more than one hundred species, added those introduced (Baumgartner et al. 2012) . Its low species richness is more evident in smaller spatial scales, where local fish assemblages of streams have presented between six to 12 species (Vitule & Abilhoa 2003 , Bifi et al. 2006 , Abilhoa et al. 2008 , Neves et al. 2015 , Larentis et al. 2016 , while others streams with similar magnitude from Paraná system, between 13 to 41 species (Castro et al. 2003 , Delariva & Silva 2013 , Cetra et al. 2012 , Vidotto-Magnoni et al. 2015 .
The Iguaçu drainage also presents an enigmatic fish biogeographic history, which have evolved separately from remainder Paraná system in consequences of the Iguaçu Waterfalls formation (Garavello et al. 1997 ). This vicariant process isolated ancestral populations above Iguaçu Waterfalls, generating an endemic fish fauna (Zawadzki et al. 1999) , especially, considering characins of the genus Astyanax (Garavello & Sampaio 2010) . Further, the endemism contributed to categorize the Iguaçu River basin as a distinct World Ecoregion of freshwater fish distribution (Abell et al. 2008) , within the broader ichthyofaunistic province of Paraná-Platense system (Géry 1969) . The barrier imposed by falls to migratory movement of large reofilic species (Agostinho et al. 2003) , and the compartmentalization along the Iguaçu River basin (Petri & Fulfaro 1983) , have been evocated to explain the relative specie-poor fish assemblages and endemism of this basin (Sampaio 1988 , Garavello & Sampaio 2010 .
Despite of fish fauna singularities, the high stretches of Iguaçu River basin have been hardly impacted by industrial and urban pollution (Agostinho & Gomes 1997 , Yamamoto et al. 2016 , while hydroelectric dams, constructed in cascades, represent the main threat to fish fauna at the lower Iguaçu River and its tributaries (Agostinho et al. 2008 (Agostinho et al. , 2016 . The construction of the low Iguaçu dam at its last segment above the falls (ANEEL 2017) , has imminent potential to negative impacts, both on the endemic fishes and on the boundaries of Iguaçu National Park (UNESCO 2012). Furthermore, the fish fauna located upstream, at headwater regions of lower Iguaçu River basin, has been impacted by agricultural activities (Larentis et al. 2016 , Nimet et al. 2017 and remaining under sampled when compared with reservoirs of its principal channel (Baumgartner et al. , 2012 .
The Western region of Paraná state is located at the intersection of three hydrographic basins (i.e., Piquiri, Paraná III and Iguaçu River), and stands out, having Cascavel as polo city, as one of the main regions of the state and of Brazil in the grains production (IBGE 2015) . To the south of the hydrographical divisor of these there basins are streams that flows to lower Iguaçu River, whose ichthyofauna have been only recently studied (Neves et al. 2015 , Larentis et al. 2016 . Due to the historical process of land use and occupation, these streams present different percentages of vegetal cover among their watersheds. The use gradient extends from rural streams, with intense agricultural activity (IBGE 2015 , Yamamoto et al. 2016 , to preserved streams located partially or integrally within conservation units, like those into the Iguaçu National Park (INP) (Neves et al. 2015) .
In this context, the present inventory consists in the first check list of the fish fauna of lower Iguaçu River basin, what contemplates eight low order streams with different land uses (from seven to 100% of vegetal cover of its watershed). This sampling design also allowed to determinate the species richness in function of the watershed use and to discuss the similarities among the local fish faunas in relation to other headwater streams and to the principal channel of the lower Iguaçu River basin. In addition, because the impacts on Iguaçu system might represent global extinctions due to higher endemism, this inventory generated information to be used as a tool to sustainable management and restoration of the rural streams.
Material and Methods

Study area
The Iguaçu River basin encompasses an area of 55.108.04 km² in the Paraná state (Parolin et al. 2010) and is subdivided into three hydrographical units: upper, middle, and lower Iguaçu River. Iguaçu Waterfalls is located at its lower course, in the municipality of Foz do Iguaçu, and is considered the largest falls in volume of water on the planet. The waterfalls through a deep crevice, with a gap of 72 meters and an average volume of 1.551 m 3 /second (SEMA 2013). In particular, the lower Iguaçu River basin has undergone a rapid transformation from the 1970s, due to the mechanization and agricultural expansion (Campos 1998) . On the Brazilian side of the Iguaçu Waterfalls and vicinity of the Iguaçu River in this region, is situated the Iguaçu National Park, a main conservation unit that constitutes the largest remnant area of preservation of semideciduous forest of the Paraná State. Besides forested areas, the main economic activity in this region is agriculture, especially the cultivation of soybeans and corn, and pastures (IBGE 2015) , which were the prevailing scenario in the vicinity of the sampled streams.
The watersheds of the studied streams drain directly or indirectly into the low Iguaçu River, and are located within or on the border of preservation (sites 1, 2 and 6 on the map), forested (site 7) and cultivated areas (sites 3, 4, 5 and 8) (Figures 1 and 2 ). The calculation of the percentage of vegetation cover as well as agricultural areas was obtained through the Google Earth Pro program for the delimitation of the watershed area (km²). By establishing the point where the elevation of the land begins to decline, several points were defined for the definition of a polygon of the area of the watershed, and categorizations were made according to the following criteria: area with vegetation (remnants of native forest and presence of riparian forest within the watershed area); rural area (defined by the presence of areas of pastures, cereal crops and monocultures, and rural constructions). Thus, the streams were classified in: forested when they were inserted in preservation areas or when had more than 50% of vegetation; and rural when presented more than 50% of the watershed within cultivated area. The main physical and hydrological characteristics of the sampled streams and geographical coordinates are shown in Table 1 . Garavello & Sampaio (2010) and Graça & Pavanelli (2007) . Fishes were categorized based on their distribution in the Iguaçu River basin, following Baumgartner et al. (2012) , as endemic (species with distribution restricted to the Iguaçu River basin), native (species indigenous from the Iguaçu River basin, but not restricted to it), and non-native (species introduced to the Iguaçu River basin) ( Table 2 ). The popular names followed Baumgartner et al. (2012) ( Table 2) 
Data collection
Results
A total of 4,239 specimens were recorded, comprising 26 species (Figures 3 and 4), belonging to 11 families and six orders ( Table  2 ). The most species-rich orders were Siluriformes (12), followed by Characiformes (nine) and Cyprinodontiformes (two) ( Figure 5 ). Other orders were represented only by one species each. The most representative family was Characidae (seven species), followed by Trichomycteridae (five species), Heptapteridae and Loricariidae (three species). Poeciliidae was represented by two species and other families with one species each ( Figure 6 ). Four species were identified only to genus level (Heptapterus sp., Hoplias sp. 1, Trichomycterus sp. 1, Trichomycterus sp. 2), sensu Baumgartner et al. (2012) . Regarding the origin of the species, 17 (65%) were endemic species to the Iguaçu River basin and four were non-native (Poecilia reticulata, Gymnotus sylvius, Synbranchus marmoratus and Oreochromis niloticus ( Table 2 ).
The Nene stream (S4) recorded the higher richness (14 species), followed by Jumelo (S2), Manoel Gomes (S1) and Pedregulho (S6) (13 species each), Arquimedes (S7) and Bom Retiro (S5) (10 species), Rio da Paz (S3) (nine) and Tormenta (S8), with only five species. Considering the set of streams together (four forested and four rural), species richness was higher in forested streams (22 species) than rural streams (18 species).
The fish fauna was characterized by small-sized specimens, considering that about 80% had a maximum standard length (SL) lower than 150 mm ( Table 2 ). The most frequent species were Astyanax bifasciatus, Trichomycterus stawiarski and Ancistrus mullerae that occurred in all sites, except the last species that does not occurred in S8. Eight species had their occurrences only in forested streams: Astyanax dissimilis and Corydoras carlae were recorded exclusively at S1; Bryconamericus pyahu and T. mboycy at S2, while Heptapterus sp. and at Hoplias sp. 1 were respectively exclusive to S7 and S6. Hisonotus yasi occurred in two (S1, S7) and Phalloceros harpagos in three forested sites (S2, S6 and S7). Only four species were exclusive to rural streams: Characidium travassosi was represented by a single individual caught on S8; Astyanax lacustris (two individuals) was exclusive to S4, Poecilia reticulata only in the S5 and Gymnotus sylvius was recorded in three streams (S3, S4 and S5). In addition, considering all the streams, four non-native species were recorded, and except for Oreochromis niloticus, the others occurred only in rural streams.
Discussion
The present study registered a total of 26 species, with fish richness ranging from five to 14 species in the eight streams studied. This pattern of low species richness, associated with high endemism, has also characterized the ichthyofauna of other low-order streams in Iguaçu River basin (Ingenito et al. 2004 , Bifi et al. 2006 , Abilhoa et al. 2008 . These findings distinguish the fish fauna of headwaters of Iguaçu River basin from others similar streams of Paraná River system, with higher species richness (Araújo et al. 2011 , Marceniuk et al. 2011 , Hoffmann et al. 2015 , Vidotto-Magnoni et al. 2015 , Cetra et al. 2016 , Frota et al. 2016a ). Lower fish richness was also verified by Larentis et al. (2016) to those that flows downstream it. This low richness, similar to our results, highlights the abrupt differentiations of the fish fauna between the Iguaçu drainage below falls and their upstream reaches, above the falls (Garavello et al. 1997 , Zawadzki et al. 1999 . The other singular pattern registered for the fish assemblage inventoried here was its high nestedness within species composition reported by Baumgartner et al. (2012) to principal low Iguaçu River channel and their larger tributaries. On the other hand, these results represent a quasi-perfect species subset, corresponding to 24.5% of the 106 species mentioned in Baumgartner et al. (2012) . Frota et al. (2016b) registered similar low fish richness (n=27) and higher fish composition similarities (above 45%), with the principal channel to streams of the two larger tributaries of the right bank (Jordão and Areia) of low Iguaçu River basin. This high similarity between local and broader spatial distributions could be explained by: i) lacking larger migratory species in Iguaçu River basin that are deeper channel dwellers in the Paraná River and others tributaries (Agostinho et al. 2003 (Agostinho et al. , 2008 ; ii) the wide ability of the characins of genus Astyanax to colonize practically all environments of basin, including large and small inland water or even reservoirs. This genus present broad distribution in low Iguaçu River basin (Garavello & Sampaio 2010) , pronounced trophic plasticity (Wolff et al. 2009 , and were captured here, with high abundances in all streams independently of physiographic features and land use.
The lack of a restrict occurrence found in the fishes studied herein contrasts, for example, to drainages of the upper Paranapanema River basin (São Paulo state), where from 70 to 80% of fish species inhabit preferentially headwater streams, instead of higher order courses (Oyakawa & Menezes 2011) . However, there is some apparent bias in knowledge of Iguaçu streams fish fauna, because greater attention had been given to inventories in or near to reservoirs areas (Garavello et al. 1997 . In addition, the studies of Iguaçu ichthyofauna have been smaller when compared to the upper Paraná basin (Langeani et al. 2007 , Cetra et al. 2016 , not encompassing large check lists of this region. Besides, there is yet the need of a compilation with an accurate systematic review to stream fish fauna of local regions, because some apparently species with restricted occurrence, showed broader distribution in more detailed studies (Frota et al. 2016b) .
The predominance of Siluriformes and Characiformes is very well documented for Iguaçu River basin. For example, many previous studies already demonstrated that this pattern not occur only in low Iguaçu system (Bifi et al. 2006 , Baumgartner et al. 2012 , Larentis et al. 2016 , Table 2 . List of fish species and their respective occurrences at sampling site in eight streams of lower Iguaçu River basin. Systematic positions were based on Nelson (2006) to all orders, and Siluriformes families; Reis et al. (2003) to other families, except Characidae that follow Mirande (2009) . The column "Origin" refers to species classified as endemic (EN), native (N) and non-native (NN) to the Iguaçu River basin (Baumgartner et al. 2012 but at its high course (Ingenito et al. 2004 , Abilhoa et al. 2008 ) and apparently to entire Paraná basin (Agostinho & Júlio-Júnior 1999 , Graça & Pavanelli 2007 , Langeani et al. 2007 , to Amazonas drainages (Sabino & Zuanon 1998 , Albert & Reis 2011 ) and overall neotropics (Reis et al. 2003) . According to Albert & Reis (2011) the predominance of Siluriformes and Characiformes in neotropical ichthyofauna could be related to Gondwana vicariant processes, isolating in South and Central America few high phylogenetic clades, but that evolved and diversified broadly at the region. Like in the present study, where 80.8% of species were Siluriformes or Characiformes and the others orders compassing only one or two species, the predominance of Siluriformes and Characiformes seems to be still more exacerbate in smaller water bodies (Frota et al. 2016b , Larentis et al. 2016 , when compared to downstream courses and reservoirs.
Characidae with a great number of smaller sized and generalists foraging species (sensu Castro 1999 , Abelha et al. 2001 , normally have co-dominated with armored dwellers Loricariidae (Castro et al. 2003 , Araújo et al. 2011 , Hoffmann et al. 2015 , Vidotto-Magnoni et al. 2015 , or with catfishes Heptapteridae (Pereira et al. 2014) , and eventually with Cichlidae (Gubiani et al. 2010) , when non-native tilapias are present. However, similar to found herein, Trichomycteridae have been representative in low Iguaçu streams (Frota et al. 2016b , Larentis et al. 2016 , probably by morphological adaptations of its species to dwelling in varied streams (Casatti 2003) . Although, Trichomycterus sp. 1 and Trichomycterus sp. 2 still needs taxonomic description, five of the 11 species of the genus Trichomycterus mentioned by Baumgartner et al. (2010) were registered here. Except for T. mboycy, the others were recorded in most of the streams, regardless of the type of substratum or characteristics of the surroundings. It is worth noting that these species have very similar morphology and that color patterns of the body are commonly used to distinguish and identify species. However, Nascimento et al. (2017) verified ontogenetic variation of color pattern in T. davisi. Thereby, variation in color pattern within a population can cause doubt concerning species identification. In this sense, this group requires accurate taxonomic revision to confirm that this high number of species is restricted to Iguaçu River basin.
Previous studies conducted in streams of the same order in the lower Iguaçu River basin corroborate richness between eight and twelve species (Bifi et al. 2006 , Larentis et al. 2016 . The streams sampled presented distinct faunas with greater richness and occurrence of rarer species in forested streams. Astyanax bifasciatus and Trichomycterus stawiarski were the only two species found in all streams. These species are abundant and widely distributed in the Iguaçu River basin, and especially the first, is considered as polluted habitat bioindicator (Bueno-Krawczyk et al. 2015 , Nimet et al. 2017 . Ancistrus mullerae is also high abundant occurring in all streams except in S8. This species appears to be widely distributed in the main channel of the lower Iguaçu River, and was recorded in other surveys in the region (Bifi et al. 2006 , Bifi et al. 2009 , Larentis et al. 2016 . On the other hand, many species occur in only a single site, as for example, A. dissimilis and Corydoras carlae that occurred in S1, a stream inserted inside the Iguaçu National Park; Bryconamericus pyahu and T. mboycy at S2 (marginal to the park) and Hoplias sp. 1 in S6 (private conservation unit). Heptapterus sp. was recorded only in the S7, a stream with rocky bottom and human occupation (i.e. houses and farming animals) near the sampled area. Characidium travassosi occurred exclusively in S8. This species has a fusiform body and well-developed fins that provide great balance, even in waters of high current. Among these seven species, except for A. lacustris and C. travassosi, the others were exclusive to forested streams and are endemic to Iguaçu basin (Baumgartner et al. 2012) .
The main threats in continental waters are habitat change and species introductions (Pelicice et al. 2017) , and these are also imminent in the Iguaçu River basin (Baumgartner et al. 2012) . In this study, it was verified higher occurrence of non-native species in streams with greater rural influence. Among the four species considered to be non-native (about 15%), two are reported to be used as baits (Gymnotus sylvius and Synbranchus marmoratus) (Baumgartner et al. 2012) . Poecilia reticulata was introduced in Brazil for combating mosquito larvae and today is widespread in most streams, especially those more degraded (Pereira et al. 2014) . Contrary, Oreochromis niloticus was the only non-native species recorded in a stream located in a conservation unit (S6). It should be emphasized, however, that this occurrence may be the result of accidental escapes from fish farming in the vicinity of the collection point, a situation that is very common in other streams in the region. Four species were identified only at the genus level and followed the descriptions proposed by Baumgartner et al. (2010) . Hoplias sp. 1 belongs to the complex of species currently identified as Hoplias malabaricus, widely distributed throughout Latin America. According to Baumgartner et al. (2010) , this species has frequent occurrence in the Iguaçu River basin and comparative studies with the congeners from the adjacent basins (Paraná River), indicate that it must be a different species. It differs of the species identified by Graça & Pavanelli (2007) as Hoplias sp. 1 (from the upper Paraná River, and currently identified as Hoplias mbigua), by having a more robust head profile and by having the coloration pattern of the gular region uniformly dark vs. a lower head, with a concave dorsal profile, and the gular region with alternate black and white bands. The other species (Heptapterus sp., Trichomycterus sp. 1, Trichomycterus sp. 2) also is probably restricted to the basin of the Iguaçu River, and probably correspond to species not yet described, sense that they present morphological differences from their congeners currently described to the Iguaçu River basin and also to other basins of Paraná system. Thereby, the occurrence of these four species, as well as the presence of many similar species (species complex of Astyanax and Trichomycterus), reinforce the urgency of accurate taxonomic revision and comparison with samples from other river basins.
Our findings highlight the need to improve the inventories of fish fauna, especially with greater spatial coverage, seasonal collections and in streams with different physiographic characteristics to confirm a restricted occurrence of fish fauna to headwater streams of the lower Iguaçu River basin. In this context, this study is important not only to document fish richness, which can included new species, but also to guide and/or support management and conservation of aquatic systems.
